Background and aims: Smartphone addiction, its association with smartphone use, and its predictors have not yet been studied in a European sample. This study investigated indicators of smartphone use, smartphone addiction, and their associations with demographic and health behaviour-related variables in young people. Methods: A convenience sample of 1,519 students from 127 Swiss vocational school classes participated in a survey assessing demographic and health-related characteristics as well as indicators of smartphone use and addiction. Smartphone addiction was assessed using a short version of the Smartphone Addiction Scale for Adolescents (SAS-SV). Logistic regression analyses were conducted to investigate demographic and health-related predictors of smartphone addiction. Results: Smartphone addiction occurred in 256 (16.9%) of the 1,519 students. Longer duration of smartphone use on a typical day, a shorter time period until first smartphone use in the morning, and reporting that social networking was the most personally relevant smartphone function were associated with smartphone addiction. Smartphone addiction was more prevalent in younger adolescents (15-16 years) compared with young adults (19 years and older), students with both parents born outside Switzerland, persons reporting lower physical activity, and those reporting higher stress. Alcohol and tobacco consumption were unrelated to smartphone addiction. Discussion: Different indicators of smartphone use are associated with smartphone addiction and subgroups of young people have a higher prevalence of smartphone addiction. Conclusions: The study provides the first insights into smartphone use, smartphone addiction, and predictors of smartphone addiction in young people from a European country, which should be extended in further studies.
INTRODUCTION
Smartphones are becoming increasingly indispensable in everyday life and offer a substantial variety of mobile applications for information, communication, education, and entertainment purposes. Smartphones typically have touch screens, mobile Internet access via Wi-Fi or cellular networks, capability for installation of smartphone applications, and other functions such as media players, digital cameras, and GPS-based navigation.
Similar to many other Western countries, in Switzerland, nearly all adolescents aged 12-19 years (98%) own a mobile phone, most of which (97%) are smartphones (Medienpä-dagogischer Forschungsverbund Südwest, 2014; Willemse et al., 2014) . While mobile applications offer several promising ways to prevent and treat chronic diseases such as diabetes (Arsand, Muzny, Bradway, Muzik & Hartvigsen, 2015; Bain, Jones, O'Brian & Lipman, 2015) or alcoholism (Gustafson et al., 2014) , there are also obvious adverse effects on physical and mental health caused by their overuse. Examples of adverse physical effects include neck pain symptoms (Lee, Kang & Shin, 2015) or accidents affecting pedestrians and drivers while the phone is used when the user is driving (Klauer et al., 2014; Shelton, Elliott, Lynn & Exner, 2009 ).
Regarding mental health, recent studies showed that increased smartphone use might be related to sleep disturbances and depression (Lemola, Perkinson-Gloor, Brand, Dewald-Kaufmann & Grob, 2015) . Furthermore, increasing frequency and time spent on smartphones is closely related to the severity of smartphone addiction (Lee, Ahn, Choi & Choi, 2014; Lin et al., 2015) .
According to Lin et al. (2014) , smartphone addiction could be considered a form of technological addiction. Specifically, Griffiths (1996) operationally defined these addictions as non-chemical behavioural addictions that involve human-machine interaction. Other than 'gambling disorder', 'Internet gaming disorder' is currently the only non-substance-related disorder proposed for inclusion in the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) as a substance-related and addictive disorder (American Psychiatric Association, 2013) . Although a primary smartphone characteristic is the use of Internet-based applications, smartphone portability and capability for installing applications that are suited to individuals' needs and lifestyles make it a versatile, multipurpose object that many persons carry with them at all times. Therefore, smartphone addiction symptoms may differ from those of Internet addiction. Through exploratory factor analysis, Lin et al. (2014) demonstrated that smartphone addiction has several similar aspects to DSM-5 substance-related disorders including the following four main factors: compulsive behaviour, functional impairment, withdrawal, and tolerance. Based on clinical interviews to establish the sensitivity and specificity of these factors for classifying individuals with and without smartphone addiction, Lin et al. (2015) proposed several diagnostic criteria for smartphone addiction.
To date, few studies have examined smartphone addiction. Existing studies have been conducted in Taiwan (Lin et al., 2014; Lin et al., 2015) , Korea (Cho & Lee, 2015; Kwon, Kim, Cho & Yang, 2013; , India (Davey & Davey, 2014) , and the US (Roberts, Yaya & Manolis, 2014; Smetaniuk, 2014) . The majority of these studies have focused on the development and validation of the instruments designed to assess smartphone addiction (Cho & Lee, 2015; Kwon, Lee et al., 2013; Lee et al., 2014; Lin et al., 2014; Lin et al., 2015) . However, little is known about indicators and predictors of excessive or addictive smartphone use. In one study of 164 US college undergraduates, Roberts et al. (2014) indicated that females reported spending significantly more time on their phones per day than males, and that texting, sending e-mails, and using social media sites were the most time-consuming activities. Although addictive activities varied by gender, time spent on social networking sites, number of phone calls made, and number of texts sent were predictors of mobile phone addiction within the sample. Another US study of 362 employed adults (Smetaniuk, 2014) tested the association between age, self-esteem, extraversion, emotional stability, depression, and impulse control in relation to different measures of addictive and problematic mobile phone use. Subsequently, this study revealed that lower age, depression, and extraversion predicted higher scores on measures of problematic mobile phone use. Additionally, a Korean study of 79 young adults (Lin et al., 2015) demonstrated that smartphone addiction was more strongly associated with use frequency than use duration. Furthermore, in this study, a comparison of selfreported and application recorded smartphone use time revealed that participants typically underestimated use time, with a greater underestimation in participants who used their smartphones more frequently. Moreover, in another Korean study of 197 adults (Kwon, Lee et al., 2013) , it was reported that persons with lower education levels were more likely to have smartphone addiction.
The present study focused on smartphone addiction and its associations with different indicators of smartphone use, demographics, and health behaviour-related variables. This is the first European study on this topic as well as the first to use a relatively large sample of over 1,000 participants. The major objectives of this study were to accomplish the following: (1) test indicators of the reliability and validity of the German version of the Smartphone Addiction Scale for Adolescents (SAS-SV) ; (2) describe smartphone use, smartphone addiction, and the associations between the two; and (3) test demographic and health behaviour-related predictors of smartphone use and smartphone addiction.
METHODS

Participants and procedure
In Switzerland, vocational schools are typically postsecondary public schools and are analogous to American community colleges. Specifically, they are part of the dual educational system that combines business-related apprenticeships and school-related vocational training. Vocational schools provide general education and specific skills related to each profession.
Directors of and contact teachers for addiction prevention from Swiss vocational schools in the cantons of Aargau, Basel, Berne, and Zurich were invited to have some of their classes participate in a study testing the efficacy of a text messaging-based smoking cessation program. Research assistants invited all students in participating vocational school classes to participate in an anonymous online health survey during a regular school lesson reserved for health education. Participation was voluntary. The online survey included data collection of information about demographics, perceived stress, physical activity, body weight, alcohol consumption, smoking status, mobile phone ownership, and mobile phone type (smartphone or other). As part of this survey, students that smoked cigarettes daily or occasionally and owned a mobile phone were invited to participate in a 3-month text message-based program that provided information about smoking tobacco. Details of the program are presented in Haug et al. (2014) .
Smartphone use and smartphone addiction were assessed in students who indicated that they owned a smartphone and were either not eligible for participation in the text message-based program for smoking cessation because they did not smoke or did not agree to participate in the program.
Assessments of smartphone use and smartphone addiction were conducted within 127 school classes between 2015 February and 2015 June. At the time of the assessment, 2101 students attended the school classes and a total of 2093 (99.6%) participated in the online health survey. Of these students, 457 (21.8%) participated in the text messagebased smoking-cessation program and 35 did not complete the online health survey items related to mobile phone ownership. Of the 1601 vocational school students who did not participate in the text message-based program and answered the questions about mobile phone ownership, 1600 (99.9%) indicated that they owned a mobile phone, of which 1561 (97.6%) owned a smartphone. Of smartphone owners, 1519 (97.3%) answered all questions concerning smartphone use and smartphone addiction. Thus, a total of 1519 participants were used for data analyses in the present study. The mean age of the study participants was 18.2 years (SD = 3.6) with a similar percentage of male (48.2%) and female (51.8%) participants and the majority (82.2%) having a secondary school degree (see also Table 1 ).
Measures
Smartphone use was assessed by 4 questions concerning the following: (1) duration of smartphone use on a typical day, to which they could respond by choosing 'less than 10 minutes', '11-60 minutes', '1-2 hours', '3-4 hours', '5-6 hours', or 'more than 6 hours'; (2) frequency of smartphone use on a typical day, as measured using an open number field; (3) duration of time until first smartphone use in the morning upon waking (other than using alarm function), to which they could respond by choosing 'within 5 minutes', 'within 6-30 minutes', 'within 31-60 minutes', and 'after more than 60 minutes'; and (4) the smartphone function with the most personal relevance, to which they could respond by choosing 'social networking', 'phoning', 'gaming', 'text messaging', 'e-mailing','watching videos', 'listening to music', and 'reading news'.
Smartphone addiction was assessed using the SAS-SV Kwon, Lee et al., 2013 ). This 10-item self-report instrument was developed and validated in a sample of 343 boys and 197 girls from Korea. The measure's items were selected from the original Smartphone Addiction Scale (SAS) based on their validity, as established through review by 7 experts (Kwon, Lee et al., 2013) . The SAS-SV addresses the following 5 content areas: (1) 'daily-life disturbance', (2) 'withdrawal', (3) 'cyberspace-oriented relationship', (4) 'overuse', and (5) 'tolerance'. Analysis of receiver operating characteristics (ROC) was conducted with a sample of 90 boys and 60 girls who underwent consultation with clinical psychologists. The results of the SAS-SV analysis indicated a Cronbach's alpha of 0.911. Among boys, the area under the curve (AUC) value was 0.963 (0.888-1.000), the cut-off value was 31, the sensitivity value was 0.867, and the specificity value was 0.893. Among girls, the AUC value was 0.947 (0.887-1.000), the cut-off value was 33, the sensitivity value was 0.875, and the specificity value was 0.886. Based on the cut-off values, this SAS-SV was considered an appropriate tool for assessing smartphone addiction. Based on the results of the ROC analysis conducted by , we used cut-off values of 31 and 33 for male and female participants, respectively.
The German version of the SAS-SV was translated based on the available English and Korean versions of the SAS-SV Kwon, Lee et al., 2013 ) by a native English and German speaking student and a native Korean and German speaking student.
We assessed the following demographic variables: gender, age, school education, immigrant background, and vocational field. Common Swiss levels of educational attainment were assessed with the options (a) none, (b) secondary school, (c) vocational qualification, and (d) technical or high school. To identify possible immigrant status, we assessed the birth country of both of each student's parents. For analyses, we collapsed (a) persons with neither parent born outside Switzerland, (b) persons with one parent born outside Switzerland, and (c) persons with both parents born outside Switzerland.
Perceived stress was assessed using the question, 'How much stress have you felt within the past 30 days', and participants responded on a 6-point Likert scale ranging from 'not at all' to 'very much'. We dichotomized values from 1 to 3 into "low perceived stress" and values from 4 to 6 into "high perceived stress". Self-reported moderate to vigorous physical activity was measured by a question derived from Suppli et al. (2013) , 'Outside school: How many hours a week do you exercise or participate in sports that make you sweat or become out of breath?'. Body weight was assessed in kilograms.
Indicators of alcohol consumption were evaluated using (1) the maximum number of drinks on an occasion in the past 30 days, and (2) quantity of alcohol consumption. The latter indicator was assessed using a 7-day drinking calendar similar to the Daily Drinking Questionnaire (DDQ) (Collins, Parks & Marlatt, 1985) , whereby students were asked to think about a typical week in the past month and, for each day, record the number of standard drinks they typically consumed each day.
Tobacco smoking was assessed using the question, 'Are you currently smoking cigarettes or did you smoke in the past?' and participants responded by choosing one of the following options: (a) I smoke cigarettes daily; (b) I smoke cigarettes occasionally, but not daily; (c) I smoked cigarettes in the past, but I do not smoke anymore; and (d) I have never smoked cigarettes or have smoked less than 100 cigarettes in my life. Current daily and occasional smokers (categories a and b) were classified as smokers.
Statistical analysis
To begin, baseline characteristics of the study sample were presented. As a result of skewed distributions of most metric variables, we reported the medians and 25th and 75th (2) variables that were nonsignificant at p > .05 were removed one at a time and those with the highest p-values were removed first (backward selection); and (3) to account for suppressor effects, the resulting model was verified by tentatively adding the aforementioned excluded variables separately to the regression model. Only variables significant at p < .05 were retained in the final model (forward selection). In order to examine associations between demographic and health-related variables and smartphone addiction, we chose a similar procedure involving univariate analyses followed by multivariate analyses using stepwise backward and forward selection.
Given the clustered nature of the data (students within school classes), we computed robust variance estimators for all logistic regression models. All analyses were performed using STATA version 10. An alpha level of .05 (2-tailed) was utilized for statistical tests.
Ethics
Data for this study were collected as part of the 'Efficacy of an Internet and SMS-based integrated smoking cessation and alcohol intervention for smoking cessation in young people' randomised controlled trial (Trial registration: Current Controlled Trials ISRCTN02427446). The study was approved by the Ethics Committee of the Philosophy Faculty of the University of Zurich, Switzerland (date of approval: 13 August 2014). The study procedures were carried out in accordance with the Declaration of Helsinki. All subjects were informed about the study and provided informed consent prior to participation.
RESULTS
Sample characteristics
The study sample's demographic and health-related characteristics are presented in Table 1 . 
Reliability of the German SAS-SV
Internal consistency, as measured using Cronbach's alpha, was .85 for the 10 items in the German version of the SAS-SV. The mean scores and standard deviations of each item are shown in Demographics, health behaviours, and their associations with smartphone addiction Table 5 presents univariate associations; Table 6 presents multivariate associations between demographics and health behaviours with smartphone addiction according to the German version of the SAS-SV. Within the final multivariate model (R 2 = .05), the following variables were significant predictors of smartphone addiction: belonging to the The categories 'less than 10 minutes' and '11-60 minutes' were collapsed for comparing persons with and without smartphone addiction to avoid small cell counts. 
DISCUSSION
This study examined indicators of smartphone use and smartphone addiction within a relatively large convenience sample of adolescents and young adults in Switzerland. The study revealed four main findings: (1) the German version of the SAS-SV might provide an appropriate instrument for assessing smartphone addiction in young people; (2) a longer duration of smartphone use, shorter time period until first smartphone use in the morning, and indicating that social networking is the most personally relevant smartphone function were positively associated with smartphone addiction; (3) smartphone addiction was more prevalent in young adolescents (15-16 years) compared with young adults (19 years and older), students with both parents born outside Switzerland, persons reporting lower physical activity, and those reporting higher stress; and (4) alcohol and tobacco consumption were unrelated to smartphone addiction.
The first analyses of the reliability and validity of the German version of the SAS-SV showed good psychometric properties, with an internal consistency of .85 and item total correlation coefficients within an acceptable range. Although further validation is required, the results of the SAS-SV concerning the content validity of the scale were also promising in regard to the association of specific indicators of smartphone use (frequency, duration, time until first use, preferred smartphone function) and smartphone addiction.
Regarding smartphone use, our multivariate analyses demonstrated that duration of use and time until first use in the morning provided better indicators for smartphone addiction than use frequency. This is in contrast to previous results showing smartphone addiction to be more strongly associated with use frequency than duration Lin et al., 2015) . However, in the present study, both use time and frequency were assessed using self-report and may be biased as the result of recall-bias and time distortion. The higher prevalence of smartphone addiction in persons indicating social networking as the most personally relevant function is in line with previous studies that showed that texting and use of messengers and social media sites were predictors of mobile phone or smartphone addiction Roberts et al., 2014) .
The higher prevalence of smartphone addiction in younger adolescents and those with both parents born outside Switzerland indicates that targeted preventive measures should be considered, especially for these groups of young people. Based on the results of Kwon, Lee et al. (2013) and the increasing tendency for smartphone addiction in persons without an educational degree found in the present study, selective prevention efforts should also focus on groups with lower educational levels. Although the mutual influences of excessive smartphone use, stress, and physical activity needs further examination, the results of the present and existing studies showing associations between electronic media use at night and depression and sleep disturbances (Lemola et al., 2015) indicate that excessive smartphone use might have adverse effects on several indicators of mental and physical health. However, no association between excessive smartphone use and tobacco or alcohol use were obtained in either the present study or an existing study conducted in Korea . This is of particular interest, as studies on Internet addiction and alcohol problems revealed an association between the two domains (Hwang et al., 2014; Ko et al., 2008; Yen, Ko, Yen, Chen & Chen, 2009 ). For instance, one of these studies reported that fun-seeking was the shared characteristic of these two problem behaviours and might contribute to this relationship (Yen et al., 2009) . Future studies on smartphone addiction, substance use, and associated personality characteristics might provide important insights into the shared characteristics of different addictive disorders and reveal differences in the aetiology of Internet and smartphone addiction.
The present study has several limitations including (1) using a convenience sample of vocational school students inhibits generalization of the prevalence of smartphone addiction to the broader population of young people in Switzerland; (2) the cut-off scores used for the German version of the SAS-SV were based on the Korean version of the scale, and the respective ROC analysis was conducted in a sample of adolescents from Korea; (3) only a limited number of health-and substance use-related characteristics were assessed; and (4) smartphone use indicators were assessed via self-report rather than objectively recorded data. Notes: Separate binary logistic regression model for each variable. SAS-SV = short version of the Smartphone Addiction Scale for Adolescents. Consequently, future studies should (1) focus on the assessment of smartphone use and indicators of smartphone addiction in a representative sample of young people; (2) include clinical interviews and subsequent analyses of the diagnostic ability of the German version of the SAS-SV to correctly detect smartphone addiction symptoms; (3) assess a comprehensive set of personality, health-and substance use-related characteristics; and (4) include objectively recorded data on smartphone use (e.g. obtained via a smartphone application).
CONCLUSIONS
In conclusion, the present study provides the first insights into smartphone use, smartphone addiction, and predictors of smartphone addiction in young people from a European country. Future studies should extend this knowledge in order to draw clearer conclusions regarding the disease burden and aetiology of this ever-increasing behaviour.
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